Introduction
Obesity is one of the leading disorders that increases the all-cause mortality in patients with increased body mass index (BMI), especially causing death from cardiovascular submit your manuscript | www.dovepress.com
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Yadav et al disease (CVD). 1 Despite the relatively consistent findings of increased prevalence of CVD in obesity, the reason for these associations remains obscure. Many factors have been suggested as causes for this relationship, such as insulin resistance, hypertension, and reduced high-density lipoprotein. However, it has also been suggested that a reduction in autonomic function might be the mechanism for the increased prevalence of CVD in obesity. 2 Recent studies have concentrated on the autonomic activity of the heart itself reported controversial findings. 3 The autonomic nervous system is a control system that acts largely unconsciously and regulates bodily functions such as the heart rate, digestion, respiratory rate, pupillary response, urination, and sexual arousal through its two branches: the sympathetic and parasympathetic nervous systems. 4 Heart rate variability (HRV) measures the effect of autonomic function on the heart alone. 5 Even a slight variation in autonomic regulation of the heart changes the heart rate and rhythm. The HRV looks through beat-tobeat variation during electrocardiogram (ECG) recording. Therefore, it could be the most useful and the simplest noninvasive method to investigate the effect of obesity on CVD. 6 It is important to emphasize the effect of obesity on HRV, as decreased HRV significantly increases cardiovascular mortality. 7 Because the autonomic nervous system controls a significant part of the internal functions of the body, fat disequilibrium in obesity is an important negative factor. The risk of diseases appears to increase as a function of the percent fat content above an upper limit of normal in the body. For the purpose of risk stratification, it is convenient to have cut-off values of body fat content based upon its observed association with disease. 8 The measurement of body fat is too complex to be of practical clinical application. A series of anthropometric indices were used as obesity measures in these studies, including the BMI, waist-hip ratio (WHR), waist circumference (WC), and waist stature ratio. Among them, the BMI is most widely used to categorize underweight, overweight, and obese populations. 9 However, it is not yet fully clear which anthropometric index of obesity has the strongest association with cardiac autonomic markers. Therefore, this study used anthropometric obesity indices such as BMI, WC, hip circumference (HC), and WHR and HRV indices with an aim to compare the HRV between obese and normal weight adults and to establish the highest association between obesity and HRV indices.
Materials and methods
This cross-sectional comparative study was conducted in the neurophysiology laboratory of the Department of Physiology, 10 For inclusion in the study, the subjects were required to be between 18 and 75 years of age and they also had to meet the BMI criteria presented above. Informed written consent was taken from all the subjects and they were screened for any history of drugs/ alcohol intake, familial history of hypertension and cardiac diseases, or presence of any medical illness likely to affect the HRV parameters based on clinical history and physical examination. None of the subjects reported any symptoms suggestive of peripheral or autonomic neuropathy, such as giddiness on standing, urinary urgency, tingling sensation of limbs, or limb weakness, or gastrointestinal symptoms like burning sensation in epigastric region, diarrhea, and constipation. Hypertensive persons were excluded from the study based on the diagnostic criteria of Joint National Committee-7 on the prevention, detection, evaluation, and treatment of high blood pressure. 11 The choice of the patients was very selective to attribute a potential pathogenetic value to a metabolic alteration typical of the obese patients, represented by normal blood pressure level. The study was approved by the institutional ethical committee of BPKIHS, Nepal.
Room temperature of the laboratory was maintained at the thermo neutral zone, that is, 26°C±2°C. The required setup was checked before commencing the test. Furthermore, the subjects were made comfortable and familiar with the laboratory setup and conditions, and were advised to relax completely during recording. The subjects were instructed not to perform any exercise 40 h before the day of the experiment and to avoid drugs and caffeine 12 h before the test. The blood pressure of each subject was measured in supine position. Analysis of HRV was performed based on 5 min ECG recorded at rest in the supine position. Recordings were taken during 08:00 am-11:00 am to avoid any hemodynamic effect on HRV.
Anthropometric measurements
Age was recorded in complete years, that is, rounded off to the nearest years. Standing height was recorded using a stadiometer (Prestige brand) by making the subject stand 
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Association between obesity and HRV indices without shoes and shocks with the feet parallel and pointing forward on a special platform to which a vertical measuring rod marked in metric scale was fixed. The subject was made to stand as tall as possible with the head positioned in Frankfort plane position (the plane joining the lower border of the left orbit and the upper margin of the external auditory meatus in a horizontal position). The head piece of the stadiometer or the sliding part of the measuring rod was lowered so that the hair (if present) was pressed flat. Height was recorded in centimeters to the resolution of the height rule (ie, the nearest quarter of a centimeter). Weight of each subject was taken on a balanced beam scale (Dr Morepen MS02B mechanical weighing machine). The scale was placed on a hard floor surface and calibrated with standardized weights at the beginning and end of each examining day. After removing their heavy outer garments (jacket, coat, trousers, skirts, wrist watch, mobile from pocket, etc), the subjects were asked to stand in the center of the platform to distribute their body weight evenly to both feet. The weight was recorded to resolution of the scale (the nearest 0.1-0.2 kg). BMI was calculated from the standard formula, that is, BMI = weight (kg)/height (m 2 ).
WC and HC
WC and HC were measured twice to the nearest 0.5 cm with a flexible, but nonelastic measuring tape. WC was measured at the level of the natural waist (the narrowest part of the torso) or one finger width below the umbilicus. HC was measured at the maximum circumference of the buttocks posteriorly and the symphysis pubis anteriorly in a horizontal plane. 12 All anthropometric measures were taken in the fasting state with the participants dressed in light clothing and without shoes. WHR was calculated using the following formula:
ECG recording and HRV analysis
For HRV, ECG at spontaneous respiration was recorded for 5 min in a supine position after 15 min of supine rest. Blood pressure was recorded before taking the ECG recording. ECG electrolyte gel was applied on the skin underneath the standard limb leads after cleaning the skin with methyl alcohol to decrease the skin impedance so that the electrical signal from the body is conducted easily by the electrodes. The subjects were instructed to take supine rest with normal breathing, relax and close their eyes, but not to fall asleep, in order to obtain steady-state hemodynamics before commencement of the recording and during recording so that the problem of nonstationarity of the ECG signals is avoided.
The ECG was taken from one of the standard limb leads having the most prominent R wave. The ECG electrodes were joined to isolated ECG amplifier/coupler of Coulbourn Instruments and its software (WinDaq Pro/Pro+ model no. DI-400 series; Akron, OH, USA) in order to capture the ECG signals for HRV. The sampling frequency of the ECG was set at 2000 Hz. The recordings were edited and corrected manually for ectopic beats, arrhythmias, noise, and trends from the WinDaq Pro/Pro+ software before any calculation of HRV. After that, "R" wave detection of normal QRS complex was completed by using WinDaq Pro/Pro+ software and the R wave detected by ECG was edited manually to ensure all R waves. Thereafter, QRS complex occurrence times were estimated using the same software and the file was saved as a Lotus file, which was readable by MS Excel. The cumulative values of R-R intervals were converted into individual R-R interval series in MS Excel from the Lotus file. Thus, the intervals between successive normal-to-normal QRS complexes (RR intervals resulting from sinoatrial node driven rhythm) or instantaneous heart rate values for each cardiac cycle were determined. Rechecking and editing, if required, were done manually. Thereafter, the RR intervals were saved in ASCII format. It was readable by "Kubios HRV analysis software version 2.0", which was used to calculate the time domain and frequency domain measures of HRV. This software has been developed by the biomedical signal analysis group, Department of Applied Physics, Ohio of Kuopio, Finland.
The HRV variables analyzed were: the time domain measures included standard deviation of all RR intervals (SDNN, ms), root mean square of differences of successive RR intervals (RMSSD, ms), number of RR intervals that differ by >50 ms (NN50 count), and percentage of consecutive RR intervals that differ by >50 ms (pNN50%); and the frequency domain measures included low frequency power (LF ms 2 , 0.04-0.15 Hz), high frequency power (HF ms 2 , 0.15-0.4 Hz), low frequency in normalized unit (LF nu), high frequency in normalized unit (HF nu), and LF/HF -ratio of absolute LF power to HF power. 4 
Statistical analysis
Statistical analysis was performed with Statistical Package for the Social Sciences software (version 20; IBM Corporation, Armonk, NY, USA). Differences in variables between the groups were tested using Mann-Whitney U test for the data having nonparametric distribution and Student's t-test for the data with parametric distribution. The results obtained from the former are expressed as median (interquartile range) and 
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Yadav et al from the latter as mean ± standard deviation (SD). Spearman's correlation was used to correlate the HRV measures and the obesity indices within groups. Statistical significance was considered to be p<0.05.
Results
Both groups were comparable in terms of their age, height, respiratory rate, and blood sugar. However, obese persons had significantly higher body weight (p<0.001), BMI (p<0.001), WC (p<0.001), HC (p<0.001), WHR (p<0.001), resting pulse rate, systolic blood pressure (SBP; p<0.05), and diastolic blood pressure (DBP; p<0.001) than normal weight controls ( Table 1) . The time domain, frequency domain, and Poincare plot variables of HRV of both the groups were calculated and are presented comparatively in Table 2 . Among the time domain measures, SDNN, RMSSD, NN50 count, and pNN50% were calculated. All these time domain variables were significantly less (p<0.05) in the obese group as compared to the normal weight group.
The variables analyzed among the frequency domain measures included LF power, HF power, its percentage and normalized units, and the ratio of LF to HF (LF/HF ratio). Of these variables, HF power (ms 2 ) (HF ms 2 , p<0.05) and LF/ HF ratio (p<0.05) were significantly higher in obese group than in normal weight controls. The other frequency domain variables were comparable between the groups. The variables analyzed in Poincare plot were SD1, SD2, and SD1/SD2 ratio ( Table 2 ). SD1 (p<0.05) was significantly less in obese group in comparison to the normal weight group. The Spearman's correlation between HRV and the anthropometric/cardiorespiratory/biochemical variables in the obese group (n=30) is presented in Table 3 . In obese subjects, age showed a significant correlation with all the HRV measures There was no significant correlation of BMI with HRV variables in obese subjects. Regarding blood pressure, SBP was found to be significantly correlated in a negative direction with SDNN (r=−0.355, p<0.05), HF ms 2 (r=−0.426, p<0.05), HF nu (r=−0.515, p<0.01), and SD2 (r=−0.372, p<0.05), whereas it was found to be positively correlated with LF nu (r=0.515, p<0.01) and LF/HF ratio (r=0.516, p<0.01). None of the anthropometric/cardiorespiratory/biochemical variables in the normal weight group correlated significantly with the HRV variables ( Table 4) .
Discussion
In our study, both groups were comparable in terms of their age, height, respiratory rate, and blood sugar. However, obese persons had significantly higher body weight, BMI, and WHR than normal weight controls. The resting pulse rate was significantly higher in the obese group in comparison to the normal weight group. The increase in pulse rate is in accordance with the increase in mean heart rate of the person. 
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Association between obesity and HRV indices Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; FS, fasting blood sugar; HC, hip circumference; HF, high frequency; FH nu, high frequency normalized unit; LF, low frequency; LF/HF, low frequency:high frequency ratio; LF nu, low frequency normalized unit; NN50 count, number of RR intervals that differ by >50 ms; PNN50%, percentage of consecutive RR intervals that differ by >50 ms; RMSSD, root mean square of differences of successive RR intervals; SBP, systolic blood pressure; SD1, Poincare plot SD1; SD2, Poincare plot SD2; SD1/SD2, SD1:SD2 ratio; SDNN, standard deviation of all RR intervals; WC, waist circumference; WHR, waist-hip ratio; PR, pulse rate (beats/min).
Several studies support the finding of tachycardia in obese people, and it is due to altered autonomic modulation of the intrinsic heart rate. [13] [14] [15] [16] Our study also confirmed that both SBP and DBP were significantly higher in the obese group as compared to normal weight controls, which is consistent with several epidemiological studies. 17, 18 It is estimated that as much as one-third of the hypertension may be attributable to obesity in populations where hypertension and obesity are widely prevalent. 18 The HRV variables SDNN, RMSSD, NN50 count, pNN50, HF indices in milliseconds squared, and SD1, which reflect the cardiac parasympathetic nerve activity, 4, 19 were lower in obese persons than in normal weight persons. Moreover, as expected, the sympathetic marker LF/HF ratio 4, 19 was increased in obese subjects in comparison to normal weight controls. It has been reported that obese persons have different HRV in response to some external stimuli. 20 We recorded the HRV variables in subjects in resting state in order to avoid the fluctuation caused in RR intervals of ECG recording by any external stimulus to ensure that all changes that were observed in HRV in obese people were merely due to obesity.
Reports by Thorp and Schlaich, 21 Laederach-Hofmann et al, 22 and Esler et al 23 are in favor of our findings and they mentioned that obese persons suffer from an increased mortality risk supposedly due to cardiovascular disorders related to either continuously lowered parasympathetic or heightened sympathetic activation. Studies have also documented reduced HRV among overweight and obese individuals. In a study of 10 women with early-onset familial obesity and 10 nonobese women, several indices of HRV were reduced in the obese women. 24 Karason et al 25 studied 28 obese patients referred for gastroplasty, 24 obese patients using a lifestyle dietary modification approach, and 28 nonobese persons. At baseline, both obese groups had reduced HF values relative to the nonobese participants. After 1 year of follow-up, those persons who had undergone gastroplasty had an average weight loss of 28% and showed evidence of increased vagal 
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Yadav et al function as indicated by increased HF power. Also, several studies of obesity in children and adolescents have also found that vagal function is reduced in obese individuals compared to nonobese individuals. [26] [27] [28] In all of these studies, several indices of vagal function, such as HF power, were reduced in the obese individuals.
In contrast to our study, a reduction in sympathetic activity in obese people has also been described in some reports. 29, 30 This variation among the studies is partially explained on the basis of the duration of obesity. It has been said that the duration of obesity has a major role to play in determining the level of cardiac sympathetic activity. 31 The present study showed an increase in sympathetic activity, but long-standing obesity is likely to lead to overall reduction of autonomic activity and, hence, also a reduction in sympathetic activity. 31 Moreover, correlation analysis showed that the HRV parasympathetic indicators, that is, SDNN, RMSSD, NN50, HF ms 2 , HF nu, and SD1, were inversely related with age in obese persons. Similarly, SD2 and LF ms 2 were also inversely related, but LF nu and LF/HF ratio (cardiac sympathetic markers) were directly related with age in obese persons. None of the HRV measures showed significant correlation with age in the normal weight group. Thus, it is obvious from our study that in obese people, with aging, there is an increase in sympathetic activity and a simultaneous decrease in parasympathetic activity. However, at the same time, there is relative decrease in both sympathetic and parasympathetic activities with age in obese people. The findings obtained by Kim et al 20 and Moodithaya and Avadhany 32 are in agreement with our finding that parasympathetic activity decreases with age in obese people. Thus, the above discussion emphasizes the finding that obesity provokes a reduction in vagal tone coupled with an increase in cardiac sympathetic activity, despite some controversies existing regarding sympathetic activity. For analyzing our findings and related reports, it was important to find out the relative association of obesity indices with the HRV indices, a novel research of its kind. In our present study, the groups (obese and normal weight) were defined solely on the basis of BMI, though we had measured and calculated other obesity indices as well. Surprisingly, on correlation analysis, BMI showed a very weak association with HRV measures in obese subjects, showing negative relation with SDNN, a parasympathetic HRV marker, which was not 
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Association between obesity and HRV indices statistically significant. However, in the obese group, WHR was found to be correlated inversely and the correlation was statistically significant as well with HF powers: HF ms 2 and HF nu (cardiac parasympathetic indicators). It was related directly to LF power (LF nu) and LF/HF ratio (sympathetic markers) in obese subjects. In contrast, we did not find any significant correlation between WHR and HRV measures in the normal weight group. Moreover, the relationship between WC and HRV indices in obese subjects, though statistically not significant, was not of much difference to that of WHR and HRV markers. Thus, our findings showed that WC and especially WHR had a direct relation with the sympathetic nervous system and an inverse relation with the parasympathetic nervous system in obese persons, which is also supported by a previous report. 22 This could possibly be true because increased WHR leads to obesity and obesity modulates the cardiac autonomic nervous system. A number of studies published previously provide evidence that there is a significantly lower parasympathetic activity 13, 4, 19, 22 and an increased sympathovagal balance 33, 34 in obese adolescents who have high WHR, but there are no correlation studies on this. In contrast to this study, it was reported that sympathovagal activity decreased with obesity in postmenopausal women. 35 BMI has traditionally been the chosen indicator to measure body size and composition and to diagnose underweight and overweight conditions. It is obvious from our findings that WHR has a stronger association with HRV markers than BMI, leading to modulation of cardiac autonomic activity. The presence of a stronger association between WC and WHR with HRV indices in comparison to BMI could be attributed to the different pattern of obesity existing in this population. BMI, however, suffers from two major drawbacks in that it does not differentiate between body fat and fat-free compartments. Therefore, a high BMI may indicate either increased fat or fat-free mass, though body composition being affected by ethnicity, growth patterns, socioeconomic, cultural, and behavioral patterns with the same BMI in people of different ethnicities and background may reflect different fat content and distribution. 36 These have been developed by western researchers based on studies in Caucasian populations and in no way are designed to be applicable to all populations. The alternative measures that reflect abdominal adiposity, such as WC and WHR, have also been suggested as being superior to BMI in predicting CVD risk, 37 which is in line with our study. This is based largely on the rationale that increased visceral adipose tissue is associated with a range of metabolic abnormalities, including decreased glucose tolerance, reduced insulin sensitivity, and adverse lipid profiles, which are the risk factors for type 2 diabetes and CVD. 38 Central or visceral obesity (abdominal obesity), which is more common in Asian populations, can simply be assessed by measurement of WC and WHR. 39 Abdominal obesity is considered to be more dangerous than general obesity because the visceral fat has been shown to secrete certain cytokines and chemicals that are involved in atherogenesis and alterations in the autonomic balance.
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Conclusion
Obesity increased the sympathetic activity with a reduction in parasympathetic (vagal) tone, indicating poor autonomic cardiac rhythm control in obese individuals. Increased WHR, by far an indicator of visceral adiposity, was strongly associated with reduced cardiac parasympathetic and increased sympathetic activity in obese individuals defined by BMI. However, the BMI itself has a weak degree of relationship with HRV cardiac autonomic markers. Thus, even with a slight increase in WHR in an individual, there could be a greater risk of cardiovascular morbidity and mortality brought about by cardiac autonomic alterations. Therefore, it would be wise to consider WHR as a stronger obesity marker than BMI in this population. 
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